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ABSTRACT 
After injury to the central nervous system (CNS), regeneration is often inadequate, except in the case of remyelination. 
This remyelination capacity of the CNS is a good example of a stem/precursor cell-mediated renewal process. Schwann 
cells have been found to act as remyelinating agents in the peripheral nervous system (PNS), but several studies have 
highlighted their potential role in remyelination in the CNS too. Schwann cells are able to protect and support retinal 
cells by secreting growth factors such as brain-derived neurotrophic factor, glial cell line-derived neurotrophic factor, and 
basic fibroblast growth factor. Retinal degenerative diseases can be highly debilitating, and they are a major concern in 
countries with an ageing populations. One of the leading causes of permanent loss of vision in the West is a retinal 
degenerative disease known as age-related macular degeneration (AMD). In the United States, nearly 1.75 million people 
over the age of 40 have advanced AMD, and it is estimated that this number will increase to approximately 3 million 
people by 2020. One of the most common pathways involved in the initiation and development of retinal diseases is the 
oxidative stress pathway. In patients with diabetes, Schwann cells have been shown to be able to secrete large amounts 
of antioxidant enzymes that protect the PNS from the oxidative stress that results from fluctuations in blood glucose 
levels. This antioxidant ability may be involved in the mechanism by which Schwann cells are able to promote 
reconstruction in the CNS, especially in individuals with retinal injuries and degenerative diseases. 
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INTRODUCION
After mechanical injury to the central nervous system 
(CNS) or the progression of degenerative diseases of the 
CNS, regeneration is often inadequate because the adult 
CNS is not capable of extensive regeneration. However, 
one exception is myelin regeneration, which is an 
example of stem/precursor cell-mediated CNS 
rehabilitation. This process involves the production of 
multilayer sheaths of myelin (which are outgrowths of 
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glial cells) around the injured axons, and it can 
preserve the function of demyelinated neurons and 
support neurons (1). Research has shown that 
Schwann cells (a type of glial cell) can produce myelin 
in the peripheral nervous system (PNS) and, more 
recently, they have been found to play the same role 
in CNS (based on experimental animal models and 
cases of demyelinating disorders of the CNS in 
humans) (2). PNS Schwann cells are good candidates 
for autologous grafts to demyelinated CNS axons in 
patients with CNS injuries (3) because they are not 
recognized as foreign by the immune system; they are 
an easily accessible source of cells (4); they can 
proliferate in cell culture; and they have a good 
survival rate after transplantation (5). Research on 
models of spinal trauma has showed that after 
transplantation, Schwann cells start to stimulate 
axonal regeneration and support neuronal survival (6). 
There are two types of Schwann cells: myelinating and 
non-myelinating cells. After establishing axonal 
contact, both of these cells are capable of 
dedifferentiation, and they exhibit either myelinating 
or non-myelinating properties based on axonal signals. 
For the survival of mature Schwann cells, there is no 
need for axonal signals, but they are important for the 
survival of immature and precursor Schwann cells. 
Mature Schwann cells have a high degree of plasticity, 
and they are able to regulate their own survival by 
releasing several growth factors (insulin-like growth 
factors (IGFs), platelet-derived growth factor-BB 
(PDGF-BB), and neurotrophin-3 (NT-3)). These growth 
factors play a crucial role in the autocrine circuit that 
leads to the inhibition of apoptosis (7). Unfortunately, 
there is currently no widely recognized, effective 
treatment for sight-threatening retinal degenerative 
diseases such as age-related macular degeneration 
(AMD) and retinitis pigmentosa (RP), which are the 
leading causes of blindness in the world. Although 
many studies have attempted to find a treatment for 
these diseases, there is still no adequate method for 
promoting photoreceptor survival. 
Recently, there has been an interesting proposal to 
deliver appropriate levels of growth factors to the retinas 
of patients with retinal degenerative diseases in order to 
enhance photoreceptor survival. Schwann cells produce 
several factors necessary for photoreceptor survival, 
including bFGF (8), GDNF, BDNF (9), and ciliary 
neurotrophic factor (CNTF) (10). Selection of an 
appropriate source of cells for transplanting into a 
patient with retinal degenerative disease has been a 
major concern because of immune rejection problems 
and logistic and ethical issues. However, Schwann cells 
can be obtained from the recipient’s own tissue, and 
Schwann cell transplants can thereby overcome all of the 
aforementioned problems. Research has shown that 
subretinal injection of Schwann cells in dystrophic Royal 
College of Surgeons (RCS) rats can lead to increases in 
photoreceptor survival time up to 9 months after the 
injection. It appears that the release of growth factors 
(bFGF, GDNF, BDNF, and CNTF (11)) by Schwann cells into 
the subretinal space promotes photoreceptor survival 
and the regeneration of damaged neurons. Furthermore, 
a major strength of using subretinal Schwann cell 
injections is their persistent functional stability after the 
injection, which is evidenced by the positive effect they 
have on visual responsivity in the visual field after the 
injection. 
There are several theories regarding how these Schwann 
cells survive and support the function of photoreceptors 
after sub-retinal delivery injection and do not vanish in a 
new niche. However, the most popular theory is that a 
sheet rapidly forms between the retinal pigment 
epithelium and photoreceptors, which allows the 
Schwann cells to survive and secrete the growth factors. 
Oxidative stress occurs in the natural course of aging, and 
it can lead to high levels of intracellular oxidization. 
When cells are younger, they can overcome oxidative 
stress by increasing the production of defensive 
antioxidants (12). However, eventually, the cells stop 
being able to mitigate the effects of oxidative stress (12). 
Oxidative stress-induced damage can be accelerated and 
become more severe as a result of several environmental 
risk factors including smoking and light exposure. These 
risk factors have also been associated with increases in 
the incidence of retinal degenerative diseases such as 
AMD (13). The damage in AMD is thought to be caused 
by both reactive oxygen species (ROS) and other agents 
such as the lipid peroxidation products 
carboxyethylpyrrole and homocysteine (14, 15). It is 
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believed that antioxidant supplementations and zinc may 
slow down the progression of retinal degenerative 
diseases such as AMD (16, 17). Hypoxia, hyperglycemia, 
and oxidative stress contribute directly and indirectly to 
Schwann cell dysfunction (18). Schwann cells respond to 
oxidative stress as a result of the activation of nuclear 
factor E2-related factor 2 (Nrf2), which is a key 
transcription factor in the antioxidant response pathway. 
In addition to the activation of Nrf2, oxidative stress 
leads to the expression of phase II antioxidant enzymes. 
Hyperglycemia-induced injury can be attenuated in 
dorsal root ganglion (DRG) neurons by stimulating 
caspase 3. Schwann cells can respond to hyperglycemia 
and oxidative stress by further increasing the expression 
of antioxidant enzymes (19). This high degree of 
antioxidant capacity of Schwann cells may help to control 
ROS generated by fluctuations in blood glucose 
concentrations (20). Besides Schwann cells, many cells in 
different parts of body can respond to ROS by initiating 
an antioxidant response. The endogenous antioxidant 
enzymes used to detoxify ROS in the nervous system 
include superoxide dismutase (SOD) (21), heme 
oxygenase (HO-1) (22), catalase (23), glutathione S-
transferase (GST) (24), nicotinamide adenine 
dinucleotide phosphate-oxidase (NADPH), and quinone 
oxidoreductase-1 (NQO1) (25). 
Hypotheses 
Previous research has highlighted the promising effect of 
subretinal Schwann cell injections on the survival rate of 
photoreceptors in the retina (11). The mechanism behind 
this effect may be the secretion of growth factors in the 
subretinal space by the Schwann cells (7, 8). However, 
Schwann cells have proven antioxidant effects in the PNS 
of patients with diabetes, and Schwann cell-mediated 
inhibition of oxidative stress in the CNS may underlie the 
improved retinal function after a subretinal Schwann cell 
injection. Thus, we hypothesized that the antioxidant 
capacity of Schwann cells may play a role in reducing 
degenerative retinal damage. A subretinal injection of 
Schwann cells may lead to the release of the antioxidant 
enzymes in response to the oxidative stress present at 
the injection site as a result of the degenerative retinal 
damage. Understanding the possible pathways by which 
Schwann cells reduce CNS damage could help to 
determine which pathways and enzymes to target in 
order to reduce CNS damage further. 
Evaluation of the Hypotheses 
Schwann cells from the sciatic nerves of neonatal rats 
will be cultured using a method developed by Brook et 
al, and the cells will subsequently be purified (26). The 
retina of each rat will be damaged using an injection of 
sodium iodide, and then the rat will be anesthetized. 
Each pupil will be dilated using tropicamide, and a 
suture will be used to stabilize the eye while the 
Schwann cells are injected into the dorso-temporal 
subretinal space by means of either a 30-gauge steel 
needle or a fine glass capillary attached by tubing to a 
10-mL Hamilton syringe. After 8 weeks, a behavioral 
assessment will be carried out using a head-tracking 
method based on an optokinetic test invented by 
Cowey and Franzini (27). The rats will be placed into an 
enclosed clear plastic container surrounded by a motor-
powered drum that can be rotated clockwise and 
counterclockwise. Perpendicular black-and-white lines 
will be arranged in three varying widths, subtending 
0.125, 0.25, and 0.5 cyc/deg. These three sets of lines 
will be shown in a random order to the rats, and they 
will be alternately rotated clockwise and 
counterclockwise, for 60 s in each direction. This test 
will stimulate a subcortical reflex, which in turn will 
stimulate an involuntary head turn in the rats as they 
track the moving lines. To allow precise assessment of 
the movements, the tests will be videotaped. For 
further evaluation, the tests will be repeated at 12 and 
20 weeks after the Schwann cell injections. The 
electrical responses of the retinal cells will be measured 
using electroretinography. Optical coherence 
tomography will be used to study the structure of the 
retinal layers. At 20 weeks after the Schwann cell 
injections, the rats will be anesthetized and killed, the 
eyes will be excised, and the activity of antioxidant 
enzymes (i.e., SOD, HO-1, catalase, and GST) will be 
measured using enzyme-linked immunosorbent assays.  
DISCUSSION 
Schwann cells have been shown to exhibit remyelination 
capabilities in both the PNS and CNS (2). These cells have 
also been shown to secrete growth factors that increase 
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the survival rate of retinal cells (5). Degenerative retinal 
diseases are a major concern in many developed 
countries as a result of their aging populations. One of 
the most widely known pathways responsible for 
degenerative retinal diseases is the oxidative stress 
pathway (13). Increasing the levels of antioxidant 
enzymes and other factors at the site of the damage 
could reduce the rate of retinal degeneration. In patients 
with diabetes, Schwann cells have been shown to protect 
the PNS from oxidative stress that can result from the 
ingestion of large amounts of sugar. Schwann cells can 
also prevent the development of diabetic neuropathy in 
the PNS by activating antioxidant enzymes (20). Figure 1 
helps to explain our hypothesis by showing an innovative 
diagram of the previously identified pathways linked by 
novel connections that may explain the underlying 
mechanism of Schwann cell-mediated preservation of 
vision in retinal degenerative diseases. In addition to the 
previously identified pathways, like growth factor 
secretion, the ability of Schwann cells to protect against 
oxidative stress in the PNS may also reflect the 
mechanism by which retinal cells can be protected by 
injected Schwann cells in patients with degenerative 
diseases. By increasing our understanding of the exact 
mechanisms involved in the protective role of Schwann 
cells in the CNS, this protective ability could eventually be 
augmented by introducing antioxidant enzymes to the 
damaged sites. 
Overview Box 
First question: What do we already know about the 
subject? 
Schwann cells can protect the central nervous system 
and remyelinate injured neurons by secreting growth 
factors. In addition, Schwann cells can reduce the 
adverse effects of oxidative stress in the peripheral 
nervous system by increasing the expression of 
antioxidant enzymes. Second question: What does your 
proposed theory add to the current knowledge available, 
and what benefits does it have? 
Understanding the possible mechanism by which 
Schwann cells can improve the function of injured cells in 
the CNS may result in better management of retinal 
degenerative diseases. For example, if the inhibition of 
oxidative stress is one of the major pathways activated 
after subretinal Schwann cell injections, the use of these 
cells in combination with antioxidants for the treatment 
of early-stage degenerative retinal diseases may inhibit 
the progression of these diseases. 
 
 
Figure 1. Previously identified pathways linked by novel 
connections that may explain the underlying mechanism of 
Schwann cell-mediated preservation of vision in retinal 
degenerative diseases. 
 
Third question: Among numerous available studies, what 
special further study is proposed for testing the idea? 
The most important issue is to distinguish the exact 
antioxidants that play a role in the preservation of vision 
by Schwann cells after subretinal injections. Further 
studies could reveal which cells in the retina respond 
better to the antioxidant effects, and these studies may 
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shed light on how to develop new treatments for 
currently incurable degenerative retinal diseases. 
 
DISCLOSURE 
Conflicts of Interest: None declared. 
No funding or sponsorship was received for this study. All 
the aforementioned authors met the International 
Committee of Medical Journal Editors (ICMJE) criteria for 
authorship for this manuscript, take responsibility for the 
integrity of the work as a whole, and have provided 
approval for the revised manuscript to be published. 
REFERENCES 
1. Franklin RJ, Ffrench-Constant C. Remyelination in the CNS: 
from biology to therapy. Nat Rev Neurosci. 2008;9(11):839-
55. PMID: 18931697 
2. Felts PA, Woolston AM, Fernando HB, Asquith S, Gregson 
NA, Mizzi OJ, et al. Inflammation and primary 
demyelination induced by the intraspinal injection of 
lipopolysaccharide. Brain. 2005;128(Pt 7):1649-66. PMID: 
15872019 
3. Zujovic V, Bachelin C, Baron-Van Evercooren A. 
Remyelination of the central nervous system: a valuable 
contribution from the periphery. Neuroscientist. 
2007;13(4):383-91. PMID: 17644768 
4. Franklin RJ. Remyelination of the demyelinated CNS: the 
case for and against transplantation of central, peripheral 
and olfactory glia. Brain Res Bull. 2002;57(6):827-32. PMID: 
12031280 
5. McGill TJ, Lund RD, Douglas RM, Wang S, Lu B, Prusky GT. 
Preservation of vision following cell-based therapies in a 
model of retinal degenerative disease. Vision Res. 
2004;44(22):2559-66. PMID: 15358071 
6. Fouad K, Schnell L, Bunge MB, Schwab ME, Liebscher T, 
Pearse DD. Combining Schwann cell bridges and olfactory-
ensheathing glia grafts with chondroitinase promotes 
locomotor recovery after complete transection of the spinal 
cord. J Neurosci. 2005;25(5):1169-78. PMID: 15689553 
7. Jessen KR, Mirsky R. The origin and development of glial 
cells in peripheral nerves. Nat Rev Neurosci. 2005;6(9):671-
82. PMID: 16136171 
8. Neuberger TJ, De Vries GH. Distribution of fibroblast growth 
factor in cultured dorsal root ganglion neurons and 
Schwann cells. I. Localization during maturation in vitro. J 
Neurocytol. 1993;22(6):436-48. PMID: 7688413 
9. Meyer M, Matsuoka I, Wetmore C, Olson L, Thoenen H. 
Enhanced synthesis of brain-derived neurotrophic factor in 
the lesioned peripheral nerve: different mechanisms are 
responsible for the regulation of BDNF and NGF mRNA. J 
Cell Biol. 1992;119(1):45-54. PMID: 1527172 
10. Sendtner M, Kreutzberg GW, Thoenen H. Ciliary 
neurotrophic factor prevents the degeneration of motor 
neurons after axotomy. Nature. 1990;345(6274):440-1. 
PMID: 2342575 
11. Lawrence JM, Sauve Y, Keegan DJ, Coffey PJ, Hetherington 
L, Girman S, et al. Schwann cell grafting into the retina of 
the dystrophic RCS rat limits functional deterioration. Royal 
College of Surgeons. Invest Ophthalmol Vis Sci. 
2000;41(2):518-28. PMID: 10670484 
12. Cannizzo ES, Clement CC, Sahu R, Follo C, Santambrogio L. 
Oxidative stress, inflamm-aging and immunosenescence. J 
Proteomics. 2011;74(11):2313-23. PMID: 21718814 
13. Beatty S, Koh H, Phil M, Henson D, Boulton M. The role of 
oxidative stress in the pathogenesis of age-related macular 
degeneration. Surv Ophthalmol. 2000;45(2):115-34. PMID: 
11033038 
14. Gu J, Pauer GJ, Yue X, Narendra U, Sturgill GM, Bena J, et al. 
Assessing susceptibility to age-related macular 
degeneration with proteomic and genomic biomarkers. Mol 
Cell Proteomics. 2009;8(6):1338-49. PMID: 19202148 
15. Seddon JM, Gensler G, Klein ML, Milton RC. Evaluation of 
plasma homocysteine and risk of age-related macular 
degeneration. Am J Ophthalmol. 2006;141(1):201-3. PMID: 
16387004 
16. Age-Related Eye Disease Study Research G. A randomized, 
placebo-controlled, clinical trial of high-dose 
supplementation with vitamins C and E, beta carotene, and 
zinc for age-related macular degeneration and vision loss: 
AREDS report no. 8. Arch Ophthalmol. 2001;119(10):1417-
36. PMID: 11594942 
17. van Leeuwen R, Boekhoorn S, Vingerling JR, Witteman JC, 
Klaver CC, Hofman A, et al. Dietary intake of antioxidants 
and risk of age-related macular degeneration. JAMA. 
2005;294(24):3101-7. PMID: 16380590 
18. Eckersley L. Role of the Schwann cell in diabetic 
neuropathy. Int Rev Neurobiol. 2002;50:293-321. PMID: 
12198814 
19. Vincent AM, Kato K, McLean LL, Soules ME, Feldman EL. 
Sensory neurons and schwann cells respond to oxidative 
stress by increasing antioxidant defense mechanisms. 
Antioxid Redox Signal. 2009;11(3):425-38. PMID: 19072199 
20. Delaney CL, Russell JW, Cheng HL, Feldman EL. Insulin-like 
growth factor-I and over-expression of Bcl-xL prevent 
glucose-mediated apoptosis in Schwann cells. J 
Neuropathol Exp Neurol. 2001;60(2):147-60. PMID: 
11273003 
21. Zelko IN, Mariani TJ, Folz RJ. Superoxide dismutase 
multigene family: a comparison of the CuZn-SOD (SOD1), 
Mn-SOD (SOD2), and EC-SOD (SOD3) gene structures, 
 
 
Med Hypothesis Discov Innov Ophthalmol. 2016; 5(2)  
 
SCHWANN CELL-MEDIATED PRESERVATION OF VISION 52 
evolution, and expression. Free Radic Biol Med. 
2002;33(3):337-49. PMID: 12126755 
22. Gong P, Stewart D, Hu B, Li N, Cook J, Nel A, et al. Activation 
of the mouse heme oxygenase-1 gene by 15-deoxy-
Delta(12,14)-prostaglandin J(2) is mediated by the stress 
response elements and transcription factor Nrf2. Antioxid 
Redox Signal. 2002;4(2):249-57. PMID: 12006176 
23. Schwedhelm E, Maas R, Troost R, Boger RH. Clinical 
pharmacokinetics of antioxidants and their impact on 
systemic oxidative stress. Clin Pharmacokinet. 
2003;42(5):437-59. PMID: 12739983 
24. McMahon M, Itoh K, Yamamoto M, Chanas SA, Henderson 
CJ, McLellan LI, et al. The Cap'n'Collar basic leucine zipper 
transcription factor Nrf2 (NF-E2 p45-related factor 2) 
controls both constitutive and inducible expression of 
intestinal detoxification and glutathione biosynthetic 
enzymes. Cancer Res. 2001;61(8):3299-307. PMID: 
11309284 
25. Nguyen T, Sherratt PJ, Pickett CB. Regulatory mechanisms 
controlling gene expression mediated by the antioxidant 
response element. Annu Rev Pharmacol Toxicol. 
2003;43:233-60. PMID: 12359864 
26. Brook GA, Lawrence JM, Raisman G. Morphology and 
migration of cultured Schwann cells transplanted into the 
fimbria and hippocampus in adult rats. Glia. 1993;9(4):292-
304. PMID: 8112822 
27. Cowey A, Franzini C. The retinal origin of uncrossed optic 
nerve fibres in rats and their role in visual discrimination. 
Exp Brain Res. 1979;35(3):443-55. PMID: 456452 
 
